Background: This cross-sectional study aimed to evaluate the prevalence of depressive disorders and factors associated in long-term cancer survivors. Methods: A total of 702 long-term cancer survivors over 5-years in remission were recruited in a university-affiliated tertiary hospital in Korea. Self-report using the Patient Health Questionnaire-2 and the Fatigue Severity Scale assessed depression and fatigue, respectively. Demographic characteristics, cancer-related clinical characteristics, comorbidity, health behaviors, and physical symptoms were assessed through the review of medical records or a structured self-administered questionnaire. Results: We identified 26.1% of patients who had a depressed mood or displayed a loss of interest. The most prevalent primary site of cancer was the stomach (65.2%), followed by lung, breast, colorectal, and thyroid cancer. We also found that 5.7% of subjects experienced double or triple primary cancers. Larger proportion among depressive group (89.1%) complained at least one physical problem than among non-depressive group (53.2%). Physical symptoms including sleep problems, dry mouth, indigestion, pain, decreased appetite, and febrile sense were more frequent in the depressive group than in the non-depressive group. The Fatigue Severity Scale scores were higher in the depressive group than in the non-depressive group (P<0.001). Multiple logistic regression analysis showed that the highest tertile level of fatigue (odds ratio, 7.31; 95% confidence interval, 3.81-14.02) was associated with the increased risk of depression. Conclusion: These findings suggest that careful concern about depression is necessary in long-term cancer survivors. Fatigue may be a surrogate sign for depression, and warrants further evaluation.
INTRODUCTION
Cancer is a critical and severe disease. However, the survival rate of cancer patients is increasing world-wide as diagnosis and treatment technology improve. 1) According to the National Cancer Registration, approximately 1 million people who were diagnosed with cancer between 1993 and 2011 survived past December 31st 2012. Furthermore, there were more than 40,000 long-term cancer survivors 5 years postdiagnosis.
2)
Long-term cancer survivors also often have other chronic diseases as well as deterioration of physical function.
3) It is reported that psychosocial problems are common as well. 3) Depression is a very important psychosocial health problem that lowers the quality of life, and increases the desire for hastened death and death rate in both cancer patients and long-term cancer survivors. 4) However, depression in cancer survivors may be underestimated because depression may appear different from the normal population. This research assesses the level of depression using the Patient Health Questionnaire-2 (PHQ-2), 5) and we evaluate factors associated with depression in long-term cancer survivors.
METHODS

Participants and Research Variables
This is a cross-sectional study on adults (>19 year-old) long-term can- Four additional people were also excluded because of lack of data.
Collected variables were age, gender, medical history (e.g., diagnosis
of cancer and history of cancer treatment), family history of cancer, physical symptoms, depressive symptoms, Fatigue Severity Scale, alcohol intake, smoking status, physical exercise, comorbidity (e.g., hypertension, diabetes mellitus, dyslipidemia, osteoporosis, cardiovascular disease, liver disease, and stroke), previous influenza vaccination, and body measures (e.g., blood pressure, weight, and height).
Depression was evaluated by using PHQ-2 (yes/no type) that consisted of two questions: "I am in agony because I feel low, depressed and hopeless" and "I am in agony because I do not feel happy and have lost interest in everything. " 6) PHQ-2 is clinically convenient to use because of its short time consumption. There are two types of scales (short-answer type and score type) depending on evaluation method.
6)
The sensitivity and specificity of the short-answer type PHQ-2 in screening depression is reported to be 96% and 57%, respectively.
7)
Subjects who answered "yes" to at least one of the questions were categorized as "depressive group (PHQ-2 score ≥1), " and subjects who answered "no" to both questions were categorized as "non-depressive group (PHQ-2 score=0). "
Fatigue severity was evaluated using the Fatigue Severity Scale (FSS). 8) FSS consists of 9 questions on various fatigue symptoms experienced since the last visit. Patients chose on a scale between "strongly disagree (1 point)" and "strongly agree (7 point overweight/obesity group (BMI ≥23.0).
A family history of cancer, health behavior, previous influenza vaccination, comorbidity, and physical symptoms were surveyed using the structured self-administered questionnaire. Physical symptoms were investigated through corresponding symptoms. Symptoms were assessed by asking the following questions: "I have no appetite, " "I lose weight without special reason, " "My mouth is very dry, " "I have a fever or chill, " "I am out of breath after a small activity, " "I have trouble with This research is performed with the approval of the institutional review board of Samsung Medical Center (SMC2014-12-106).
Statistical Analysis
Demographic and clinical characteristic between non-depressive and depressive groups were compared using a two-tailed t-test and a chisquare test. Independent factors related to depression were evaluated using multiple logistic regression analysis. The regression model includes variables such as sex, age, BMI, drinking, smoking, exercise, comorbidity, FSS score, and cancer recurrence experience. These factors were selected as a result of univariate analysis, and the correspondence among health condition, prognosis, and quality of life was found in the existing research.
9)
All analyses were done using PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Significance level was set to P<0.05 and significance level for the multiple logistic regression was set to P<0.00555 in consideration for the Bonferroni correction.
RESULTS
Among the participants, the number of non-depressive group and depressive group were 519 people (73.9%) and 183 people (26.1%), respectively. Average age±standard deviation of those two groups was 62.0±10.4 and 60.5±11.4 years old. There was no significant difference in age groups. The proportion of females in the depressive group was 60.1%, and was significantly higher than the proportion of females in the non-depressive group (38.0%, P<0.001).
General Characteristics of Participants
In male participants, there were no significant differences between depressive and non-depressive in average age, BMI, previous influenza vaccination, drinking habits, and exercise habits. There was a significant difference in smoking habits (P<0.001): more never-smoked and current-smokers were in the depressive group, and more formersmokers were found in the non-depressive group (P=0.014). Hypertension, diabetes mellitus, and dyslipidemia were commonly observed as comorbid illness in men. The prevalence of hypertension (P=0.040) and dyslipidemia (P<0.001) was significantly higher in the depressive group compared to the non-depressive group in men (Table 1 ).
There were no significant differences in average age, distribution of body mass index, previous influenza vaccination, smoking habits, exercise habits between females in the depressive and females in the non-depressive group. However, there was a significant difference in drinking habits (P=0.016). The majority of female former-drinkers and current-drinkers were found in the depressive group, whereas, many never-drinkers were found in the non-depressive group. Hypertension, dyslipidemia, osteoporosis, and diabetes mellitus were common comorbid illnesses in female patients. However, there was no significant difference in the proportion of survivors with more than one coexisting disease between the depressive group (45.5%) and the nondepressive group (45.7%). However, diabetes mellitus was more common in the depressive group referring to the distribution of individual diseases (P=0.024).
Cancer-Related Clinical Characteristics
The majority of participants (94.3%) have experienced primary cancer in one organ of the body. There was no significant difference of primary cancer number between non-depressive and depressive groups.
Stomach cancer was the largest form of cancer in patients followed by lung, breast, colorectal and thyroid. There was no significant difference in site of cancer between the two groups. Furthermore, no noticeable differences between the two groups were found on stage of cancer, family history of cancer, experienced therapy method, or elapsed time after discontinuation of treatments. Experience of cancer recurrence was significantly higher in the depressive group compared to the nondepressive group (P=0.043) ( Table 2) . ‡ Other cancer includes esophageal (n=19), head and neck (n=9), hepatobiliary (n=9), genitourinary (n=10), gynecologic (n=5), lymphoma (n=5), soft tissue sarcoma (n=2), skin (n=1), and ophthalmic (n=1). Except these cases, chi-square test was performed.
§ For some participants, information was not available.
ΙΙ If a patient has cancer at two or more sites with different stages, the highest stage was selected. Values are presented as number (%). PHQ, Patient Health Questionnaire. *Defined by PHQ-2. The depressive group had a PHQ-2 score of 1 or 2, and the nondepressive group had a PHQ-2 score of 0. † Some participants had more than one physical symptom.
‡ Obtained by chi-square test. Figure 1 . Comparisons of the number of physical symptoms between the nondepressive and the depressive group. Depression was defined by the PHQ-2. The depressive group had a PHQ-2 score of 1 or 2, and the non-depressive group had a PHQ-2 score of 0. P-value for the differences between non-depressive and depressive group was obtained by t-test. 
Distinctions of Physical Symptoms by the Presence of Depressive Symptoms
The presence of more than one physical symptom in the depressive group (89.1%) was significantly higher compared to the non-depressive group (53.2%) (P<0.001). Furthermore, the number of physical symptoms (average±standard deviation) was significantly higher in the depressive group (3.3±2.1) than the non-depressive group (2.0±1.4, P<0.001). Sleep problems, dry mouth, indigestion, pain, decreased appetite, and febrile seizure were more common in the depressive group compared to the non-depressive group. There were no significant differences between the two groups in respiratory problem, bowel habit change, sexual dysfunction, and weight loss. FSS score (average±standard deviation) was 34.8±14.7 in the depressive group, and was signi ficantly higher compared to the non-depressive group (22.0±11.9) (P<0.001). The same tendency was observed across age groups (Table 3 and Figures 1, 2 ).
Factors Associated with Depressive Disorders in LongTerm Cancer Survivors
The 
DISCUSSION
Depression is a common symptom experienced by cancer patients.
10)
However, it is unknown if the prevalence of depression in long-term cancer survivors is significantly higher than in general population. According to a systematic review by Walker et al., 11 ) the prevalence of depression in patients in palliative care was 7%-49%. However, the prevalence of depression in cancer survivors was 5%-16% for outpatients, and 4%-14% for inpatients. This indicates that the prevalence of depression was not significantly higher in cancer patients than in general population. In a long-term follow-up study performed by Burgess et al., 12) annual prevalence of depression during the first year after cancer diagnosis was 48%, which is significantly higher than the depression prevalence in non-cancer population. However, the prevalence of de- OR, odds ratio; CI, confidence interval; PHQ, Patient Health Questionnaire; FSS, Fatigue Severity Scale. *Defined by PHQ-2. The depressive group had a PHQ-2 score of 1 or 2, and the non-depressive group had a PHQ-2 score of 0. † Estimated by multiple logistic regression analysis. ‡ Doing physical exercise for 150 min/wk or longer. § FSS ranges between 9 (no fatigue) and 63 (most fatigue). Categorized into three groups by the tertile distribution such as low (9-17, n=198), intermediate (18-30, n=194) , and high (31-63, n=197). pression decreased annually and was 15% on last fifth year, which is not significantly different compared to other people. A meta-analysis by Mitchell et al., 13) revealed that the prevalence of depression in cancer survivors was 11.6% (95% confidence interval, 7.7%-16.2%). Khan et al. 14) compared antidepressant treatment and counseling between ordinary people and breast, colorectal and prostate cancer survivors living for 5 years since diagnosis. He found no significant differences between the two groups.
In the present study, we observed that 26.1% of long-term cancer survivors have depressive symptoms. Kim et al. 9 ) evaluated breast cancer survivors (n=1,933) with an average of 4.6 years since initial diagnosis using Beck Depression Inventory (BDI). They found that 24.9%
of cancer survivors had severe depression (BDI ≥19). In another study from a hospital focusing on cervical cancer survivors (n=828) living an average of 6.9 years after diagnosis, Kim et al. 15) used the Hospital Anxi- Moreover, these studies were performed in a hospital, and there is a high possibility of over-evaluation in the severity of the symptoms in these patients compared to patients who did not visit the hospital.
Therefore, additional research using more accurate evaluation tools based on the local society is needed for more precise evaluation of depression in Korean long-term cancer survivors.
In research by Zabora et al. 16 24) However, more than half of patients from the depressive and non-depressive groups of our study exercised for 150 minutes or more a week. This is not lower than the exercise participation rate of people observed in the Korea National Health and Nutrition Examination Survey. 25) Smoking rate of males and females observed in our study was lower than the smoking rate of people studied in the Korea National Health and Nutrition Examination Survey. It is also lower than the smoking rate of cancer survivors observed in the Korea National Health and Nutrition Examination Survey. 26) This difference may have occurred because our research was performed on hospital visitors including people with more desirable health behavior.
This study has a few limitations. First, it is a cross-sectional study, and it is hard to identify the relationship on temporal sequence between studied factors and depression. Second, patients were recruited from a hospital, and not from community. There is the possibility we overestimated depressive symptoms or physical symptoms, and health behavior overall can be biased. Third, depression was evaluated by a relatively simple screening tool (PHQ-2), and may also cause overestimation of the depression. However, PHQ-2 score tends to increase as severity of depression increases. 6) Furthermore, PHQ-2 as a screening tool is a test with high reliability and validity. 7) Thus, we believe PHQ-2 caused no serious bias to the result of this research.
In conclusion, we observed that a considerable number of longterm cancer survivors experience depressive symptoms, and fatigue is highly related to depression. This implies that depression screenings should be done during treatment, especially to cancer survivors who have fatigue.
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